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CONCLUSIONS

Aggregate degradation occurs, in varying degrees, in nearly ev-
ery type of mix under all combinations of plant type and dust
control. The lone exception to this was "Type A Mix -~ Batch
Plant With Scrubber", which had only 14 items in the data base.
Average increases of 0,7% in minus #200 and 1.8 sg. ft./lb. of

aggregate were recorded.

The average increases of 0.7% minus #200 and 1.8 sq; ft./1b.
are not severe enough to warrant any changes in specifications
or operation. However, in cases where the acceptance of a mix
design is borderline or field changeg in the mix design are re-
quired, it may be beneficial to refer to the data in this re-
port to anticipate how the mix design gradation will react to a
particular set of processing conditions, and whether the
changes will be beneficial or detrimental to the performance of
the mix. 'This would be particularly applicable to those cate-
gories as shown to be more susceptible to degradaticn in Table
IV, and as long as mix production quality is controlled through

cold feed gradations.

In reference to Table IV and the comparison of results from the
1986 study with the results from this study, due to the signif-
icant differences in results, and regardless of the differences

in procedure and scope of the two investigations, any specifi-
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cation changes in gradation limits or filler bitumen ratios
based on the 1986 study should be reviewed to determine if they
are valid, and it should be considered if further changes are

now warranted in light of the data presented in this report.
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Appendix A
Example of Lotus Database Format Used
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LU0 FEED vS. EXTRACTED GRRGATION GYudY - 1987 BATCH PLANTS HITH BREMOUSE

HiK i PROJECT= H COMTRRCTCR H MRTERIBL TvPE 4 PLENT @ DusT PoOSAMPLE v SRADATION J  SIEVE 1 SIEVE S1EVE ! SIEVE i SIEVE ! SIEVE i SIEVE i OSIEVE i SHEVE SIEVE i SURF. H
OESIEN ND.: HUMBER H ISIZE JTYPE WL 1 R OTYPE 1 COHTRL ! OATE H SEMPLE 1w 3,4 DIFF. 14 1°2 OIFF. ¢ 3/8 OIFF.) & 4 OIFF.3 # 8 QIFF.i# 16 OIFF.i# 30 OIFF. % S0 OIFF.1s 100 DIFF.I% 200 DIFF.! ARER DIFF.S
18078 24112 F£7. GGOGE ASPHALT 374 8 I BATCH ERAGHOUSE  (9-22-87 LOLOEEED 100 82 81 &1 468 37 28 14 8.5 5.2 31.04
18073 FH-24{11> FT. DOBGE ASPHALT 374 & I eRTod BRGHOUSE  (9-22-87 EXTRECTION 10D a0 52 9.6 &3 ~1.0 &l 8.0 472 -1.0 3 -2.0 25 0.6 13 ~1.8¢ 8.7 6.1 6.5 0.3 31.08 0.04
1807-9 FH-9431 1) FT. DOOGE ASPHALTY 374 8 1 BRTCH BAGHQUSE  09-24-87 COLOGFEED 160 g2 7 68 47 37 24 12 6.5 4.7 26,42
1BO7-9 FH-24(312 £7. QQUGE ASPHMRLY 374 B i GATCH SRGHOUSE  09-24-87 EXTRACTION 100 0.0 91 -1.0 77 .0 5 -1.60 45 -2.0 34 -0 24 g.0 12 0. 7.3 1.4 5.0 1.3 29.00 2.58
1807-2 FM-84C112 FT. DODGE REPRALT  3/4 8 I BATCH BAGHOUSE  §9-25-87 COLBFEED 93 82 an &1 48 38 25 12 7.5 5.4 26,42
1B07-S FH-24¢11) FT. O0OGE ASPHALY 274 3B 1 BATCH BAGHOUSE  03-25~-07 EXTRECTION 100 1.0 85 3.6 7% -1.0 59 -2.0 46 2.0 35 -3,0 24 -1.3 12 2.8 8.2 4.7 6.3 0.9 z9.78 1.36
1807-9 FM~94{11) F7. OODGE ASPHALY 374 ®© 1 BRTCH BAGHOUSE  09-29-87 COLOFEED 100 92 at G4 S1 40 26 -4 6.8 S0 27.84
18079 FM=-8d4112 FT. OGOGE ASPHRLT  3r4 8 i BATCH YAGHOUSE  09-2%-87 ExTRacTioN 100 2.8 90 -2.0 91 6.0 &4 g9.6 & -1 3 -~3.0 2B -1.0 12 g.6 7.6 0.8 5.9 0.9 29.34 1.506
1807~ FH-84C117 FT. DOUGE ASPHRLY 274 8 I BATLH gacHousE 10~01-87 COLOFERD 160 83 80 &5 51 a3 26 i1 6.4 4£.6 26,60
IBD7-3 FH-34{11) FT. UO0GE ASPHALY 374 8 1 BETON BRGHOUSE 10-01-87 EXTRECTION 100 0.0 93 .6 B4 4.0 &7 2.0 sz 1.0 33 0.3 2@ 1.6 13 2.4 8.3 1.9 6.3 1.7 31.28 4.88

KO, OF SAMPLES ai.0 81.4 81.0 81.0 B2.0 76.0 91.9 6.0 76.0 81.0 75.0
6. OIFF. i1t 0.62 1.46 L.60 .88 .29 0.@3 0.84 1.06 04.98 2.78
S0, BEV. 6.8 2.2 2.5 3.2 2.8 2.3 1.6 1.2 0.8 G.8 2.2
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OFFICE OF MATERIALS ~INSTRUCTIONAL MEMORANDUM

METHOD OF DESIGN OF ASPHALTIC CONCRETE MIXES

GENERAL

The design of asphaltic concrete mixes involves determining an economical
blend of aggregates that provides a combined gradation within the Timits of
the specifications and a determination of the percent asphalt to mix with the
aggregate blend. Trial mixes prepared with different asphalt contents are
tested for mix properties and the results analyzed to select the asphalt
content that is judged to be most satisfactory for the intended use of the
mix. _

RAW MATERIALS

The aggregate sources, proposed aggregate blend proportions, and the source of
asphalt are selected by the contractor. This information is submitted to the
District Materials Engineer on Form 955 for approval. Material source
approval, gradations, crushed particle amount and type, asphalt grade, and
other specific reguirements are checked prior to submitting materials and

Form 955 to the laboratory.

TRIAL MIXES
A. Preparation of Aggregates

Aggregates must be air dried to a surface dried condition prior to further
preparation., . The individual aggregates are combined in the proportions
proposed on the Form 955 in accordance with Test Method Iowa 504. About
100 1bs. of this combined aggregate is required for the design work. 130
Tbs. of this combined aggregate is required if the asphalt nuclear gauge
is to be calibrated to the mix.

B. Asphalt Cement

The asphalt cement used. for trial mixes shall be of the same grade as
indicated on the Form 955 and shall also be from the same source when
possible. _ :

C. Selecting Trial Asphait Contents

Three trial mixes of different asphalt contents are made to assure close
bracketing of the final recommended design asphalt content. Two trial
mixes may be adequate for this purpose if recent results have been
obtained with aggregate of the same or slightly adjusted composition.

_.é...'_._...
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The trial mix asphalt contents are best guess estimations that are one
percent apart. They may be based on past experience, analysis of the
aggregate gradation, calculated surface area of the aggregate, or trla]
and error.

The gradation plotted on the 0,45 power gradation chart indicates the void
space available for asphalt.  Gradations that closely follow the maximum
density line indicate low void space.
The surface area of the-aggregate is related to the ?ilm thickness of
asphalt obtained by a given asphalt content. A higher surface area will
almost always require a higher asphalt content.
D. Mix Preparation
Preparation of trial mixes is in accordance with Test Method Iowa 504,
E. Nuclear Calibration
The- asphalt nuclear gauge is calibrated to the mix in accordance with
I.M. 335. ,

TESTING RAW MATERIALS

ST

Test procedures for the asphalt and combined aggregate are as follows:

Test Cent, Lab Test No, 1.M. No,
Specific Gravity of Asphalt* - 617 369
Bulk Sp.G. of Combined Aggregate 203 ---
Water Absorption of Comaned Aggregate 203 308**

*The sp.g. of the asphait may be obtained from certifying documents or a lab
test report.
**pprocedure "C"

TESTING TRIAL MIXES

Test procedures for A.C. mixes are as follows:

Cent. Lab Test No. I.M. No,
Maximum Specific Gravity* 507 ‘ 340 or 363
Compacting Marshall Specimens - 502 325
Density of Compacted Mixes (Lab Dens1ty) - 503 321
Marshall Stability and Flow : 506 ' ---

*The Rice sp.g. procedure, Test Method Iowa 507 or I.M. 340, is the referee
method. The high pressure air meter procedure, I.M. 363, should only be used /
if results have previously been shown to correlate with Rice results.) \

—
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Four Marshall specimens are made from each trial mix. An extra specimen of

the first mix compacted is usually made to determine the amount of mix
necessary to produce the proper specimen thickness. The four specimens of
each A.C. content are checked for lab density and on the following day (after
the required cooling period) the three specimens with the closest densities
are tested for stability and flow.

If a District Lab is not equipped for Marshall Stability, the selected three
specimens are shipped to the Central Lab for testing. The specimens must be
fully identified and packaged to prevent damage.

DESIGN CALCULATIONS
A. Calculation Basis and Nomenclature
The derivation of the formulas used for ca1cu1atfons is based on an

assumed 100 grams of mix so that mix percentages are numerically equal to
weights. Following is a 1ist of nomenclature symbols used and their

definitions:

"%AC = % of asphalt cement in the trial mix

%2Ag = % of combined aggregate in the trial mix = 100 - %AC

%ZAbs = % water absorption of the combined aggregate

Abs = fraction of water absorption of the combined aggregate =
%Abs/100. This quantity is always used in the calculations
rather than %Abs. .

Gag = bulk specific gravity of the combined aggregate.  This quantity
may be by test or by calculation,

Gac = specific gravity of the asphalt

Gmx = maximum specific gravity of trial mix by test. This quantity
may be referred to as the solid sp.g. or solid density. A
calculated max. sp.g. should be designated as Gmx (calc.).

Gem = density of compacted mix or 1ab density

% = calculated % air voids in the compacted mix

#VMA = calculated % voids in the mineral aggregate

B. Calculated Maximum Specific Gravity

A theoretical maximum specific gravity may be caiculated when the bulk
sp.g. and water absorpticn of the aggregate is known. This calculated
maximum specific gravity is used to check the results determined by test
and is not intended for calculating other design quantities, A Rice
specific gravity should not be considered suspect unless the calculated
specific gravity differs by more than 0.030. Calculate the maximum sp.g.
using the following steps and report the results to three decimal places.

Wt. of AC absorbed = 0.5 x Abs x %Ag
Wt, of effective AC = %AC - line 1
Volume of Aggregate = %Ag/Gag

Volume of effective AC = line 2/Gac

. Gmx (calc } = 100/{Vine 3 + line 4)

JELIE R T o
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Calculated Bulk Specific Gravity of the Combined Aggregate

The bulk sp.g. of the combined aggregate (Gag) may be calculated from the
maximum specific gravity of the mix determined by test. It is calculated
with the following line steps and reported to three decimal places:

Tine 2 + line 3 - line 4
. Gag (calc,) = 1ine 1/line 5

1. Gmx x %Ag x Gac

2. Gac x 100

3. 0.5 x Abs x %Ag x Gmx
4, Gmx x %AC

5.

6

Void Calculations

Quantities used to caleulate void results shall be determined by test
except Gag(calc.) may be used to calculate %VMA, The following formulas
are used to calculate the indicated quant1t1es that are reported to one
decimal place. .

%, air voids in the compacted mix = 100 - ;l_ﬂ.gHLEsm

%VMA, voids in the aggregate = 100 - SCm X BAg
‘ greg g

SUMA filled with asphalt = 2YMA = BV , 190
#HA

Filler/Bitumen Ratio

Caiculate the ratio as follows and hepovt to two decimal places:
%Pass1ng #200
%AC

Filler/Bitumen Ratio =

Asphalt Film Thickness

Calculations of asphalt film thickness are described in I. M, 511, It is
reported to two decimal places.

Py
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EXAMPLE CALCULATIONS

Given data:
SAC = 5.75 _ Gag (test) = 2.667
%Ag = 100 - 5,75 = 94,25 Gac = 1.031
%Abs = 0 30 Gnx {test) = 2,438 ‘
Abs = 0.30/100 = 0,003 Gem (1ab dens.) = 2,347

A. Calculated Maximum Sp.G.

1. Wt. of AC absorbed = 0,003 x 94.25 x 0.5 = 0,141
2. Wt. of effective AC = 5,75 - 0,141 = 5.609

3. Volume of aggregate = 94.25/2.667 = 35.339

4, VYolume of effective AC = 5.609/1.031 = 5,440

5. Gmx {calc.,) -~ 100/(35.339 + 5.440) = 2.452

~ This calculated sp.g. compares favorably with the 2,438 obtained by test.
B. Calculated Buik Sp.G. of Combined Aggregate

1. 2.438 x 94.25 x 1.031 = 236.905

2. 1.031 x 100 = 103.1

3. 0. 0.003 x 94.25 x 2.438 = 0.345
4, 2 x 5.75 = 14,019

5. 1 +.0.345 - 14,019 = 89,426

6. G c.

5 x
0438
03.1
ag (calc.) = 236.905/89.426 = 2.649
€. Void Ca1cu1ations

gy = 100 - 200 x 2,347 _ 1095 . 96.3 = 3.7

2.438
%VMA using Gag {(test) = 100 - 2.347 x 98.25 _ 17 g
. 2.667
4YMA using Gag (calc.) = 100 - 2:347 x 94.25 . 15 5
: 2.649

17.0 - 3.7 100 = 78.2
17.0

PVMA filled with asphalt

it
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EVALUATING RESULTS

The test data and calculated results are compared to the criteria given in the
appropriate table shown in I.M. 511 corresponding to the type and use of the
mix. An asphalt content is selected that will produce a percent air voids in
the compacted mix that is near or slightly above the minimum void values in
Table F of I.M. 511 for the course and traffic count involved with the
intended use of the mix. Interpolation may be necessary.

REPORTING RESULTS

The test and calculated results along with the % asphalt recommended to start
the project is reported on Form 820956, Distribution of the report:

District Engineer

Resident or County Engineer

Bituminous Engineer (R. Monroe)

Asphalt Construction Engineer (J. Smythe)
Asphalt Mix Engineer (D. Heins)
Contractor

Bituminous Lab (W. Oppedal)

Asphait Mix Design file

T
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OFFICE OF MATERIALS —INSTRUCTIONAL MEMORANDUM

CONTROL OF ASPHALTIC CONCRETE MIXTURES

General

The job mix formulas are established on the basis of the results of tests

performed on samples obtained during the initial stages of material
production. Since these samples may not be truly representative of the
material produced, and since materials do change with time and through
handling, the plant produced mixtures may not develop test characteristics
that meet design criteria. Therefore, each mixture shall be reevaluated
after paving operations have bequn. Because material and mixture
characteristics may change at any time, they must be monitored

" continuously throughout the course of the work. The reevaluation

procedures outlined herein are to be carefully followed so that all mix
characteristics will conform with the appropriate requirements contained
in tables A, B, C, D, E and F.

Job -Mix Formula Definition

The specifications define the job mix formula as the percentage passing -
each specified sieve (target gradation}, and the percentage of each
material including asphalt, (aggregate and asphalt proportions). The

original job mix formula and subsequent adjustments are set after

consultation with the contractor on the basis of gradation, stability,
skid resistance, film thickness, asphait and void analysis. Design
criteria for setting the original formula and subsequent adjustments are
provided by the attached tables for the various mix types and service

'requirements.

Sampling and Testing

The initial plant calibrations will, in virtually all cases, be based on
the formula established by the Central lLaboratory. Samples of the
combined aggregate and plant produced mixture should be obtained and
analyzed as soon as the operations of the plant stabilize. The first
samples can normally be obtained after the plant has operated an hour or
so. Sampling and testing should be performed promptly so that production
and proportion changes, if required, can be effected before large
quantities of mix are produced. If adjustments are made in the

proportions, the entire procedure must be repeated.

Laboratory density per I.M. 325 shall be furnished to each project as set
out in the sampling and testing guides contained in I.M. 204.

For interstate and high traffic urban projects the 75 blow Marshall
density values are to be used for density-void control as ocutlined in this
Instructional Memorandum and for determining the density of compacted
pavements as required by the specifications {high traffic urban situations
shall be those exceeding 10,000 vehicles per day).

The 50 blow Marshall values shall be used for all other projects. Sand
Mix Surface Courses. (Pen, or Visc. Graded Binder, and Emulsion Residue
Binder). Density-void control is to be based on the special one (1) inch
Marshall specimens compacted with 75 blows on one (1) specimen face.
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D. Job Mix Formula Changes

1.

Changes in Mix Characteristics,

As soon as the test data are available they should be compared with
ranges of values found in the attached tables and with the original
job mix data. In the event that the plant produced mixtures do not
exhibit test characteristics which fall within the ranges found in
the tables, the District Materials Engineer will order appropriate
changes in the Job Mix Formula.

The District Materials Engineer may order changes even though the
test results are within the ranges given providine that the quality
of the mix will be Tmproved with respect to durability or friction

properties,

Wnen changes are ordered for the foregoing reasons, the magnitude of
the changes are to be limited such that adjusted mixtures will
continue to exhibit test characteristics which fail within the ranges
found in the tables. In each case, the properties of the aggregate
and asphalt, projected traffic loadings and volumes, layer thickness,
and service conditions shall be taken into account.

The tables contain two sets of design void ranges, one based on the
Job Mix calculated solid specific gravity, and one based on the
measured solid specific gravity using the procedure outlines in

[.M. 340. Since the latter procedure utilizes tests on the actual
plant mix rather than tests on preliminary aggregate samples,
adjustments can be made on a rational basis. This approach should
also be utilized when changes are noted in aggregate characteristics
resulting from production adjustments or variation.

Each days percent of road density is determined daily comparing the
densities of the road cores to the laboratory density of the first
uncompacted mix box sample taken for the day's production from which
the cores were taken.

Variations in compacted laboratory density and/or measured solid
specific gravity of more than 0.020 shall be investigated promptly
since these tests reflect changes in asphalt content, and aggregate
properties and gradation. In some cases variations may be
attributed to segregation, thoroughness of mixing, sampling
procedure, and changes in aggregate production.

If the density variation for a given mix proporiion exceeds + 0,020
from the average of the previous day's tests without apparent reason,
the investigation shall include the testing of the back up samples
for that particular day's run. The average density of all samples
tested for that day shalil be used in determining roadway density
compliance. I¥ no backup sample is available, the density
determination shall be averaged with the density of the previous
day's run to determine density compliance,

ST
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[f the second day's density variation for any particular mix exceeds
+ 0,020 from the first day's test without apparent reason, then the
backup samples shall be tested for the first day also, and averaged
for each day.

Proportion Changes

The contractor must occasionally adjust aggregate proportions in
order to consistently comply with the job mix formula target
gradation tolerances and to correct for calibration errors.
Proportion changes of 10 percent or less, for each material, may be
approved without delaying operations for qualifying tests.
Adjustments or interchanges exceeding 10 percent shall be evaluated
before they are approved. Changes will be subject to the crushed
particle and sand limitations, and mix design criteria.

Aggregate Changes

(a) The addition of new materials to job mix formula may be approved
without central laboratory tests providing the materials are
produced from geologically comparable sources, do not constitute
more than 15 percent of the aggregate, meet quality
requirements, and produce mixes that meet design criteria and
specifications,

(b} When aggregates are introduced from sources that are not
geologically comparable or otherwise differ significantly,
compiete ltaboratory testing is required.

Target Gradation Changes

Unusual aggregate gradation variation or degradation may cause the
contractor to request that a new job mix formula target gradation be
set using materials already on hand. Target gradation changes shall
not be considered or approved until options under 2 and 3 above have
been evaluated. _

Resetting the target may also-involve proportion interchanges and the
introduction of a new aggregate. New target gradations together with
proportion changes may be approved for future production when all
design criteria and specifications limitations can be satisfied.
Except for stability and A.C. film thickness, mixture characteristics
can be predicted from tests on previous production; changes that may

" adversely affect stability should not be approved without central

laboratory consulitation. Compliance with film thickness criteria
shall be determined by the following procedure:
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Determination of Surface Area
(Refer to Form 955)

PROPOSED STEVE ANALYSIS % PASSING

TARGET 1% 1] 3740 L ¢ 3/81 4 81 16 1 301 50 | 1601 200
COMBINED ,
GRADING 1001 93 811 65 | 48 38 27 | 13| 8.11 6.8
SURFACE 02 .04 1.08 |.14 [.30 | .60F 1.60 TOTAL
AREA C,
' S.A. :
SQ.FT./LB. +2.011.3011.9213.0413.7813.9014.86{10.88 31,68

Effective A.C. Content - Aqgreqate Basis

Effective A.C. % = (A.C. % Mix) - L/2 (% Water Absorption®*){% Aqgr 1n'Mix)

100

*Refer to Job Mix Report.

Bitumen Index

Bitumen Index = (Effective A.C. %)

100 (Surface Area)

Film Thickness

Film Thickness (Microns) = (Bitumen Index) {4870)

When significant aggregate characteristics change, e.g. Specific Gravity, and
Absorption, or other variations are encountered, complete central laboratory.
tests are required. Field adjustments in job mix formulas must be supported

by complete district laboratory testing.

Modification

of job mix formulas

that exhibit borderline test characteristics, e.q. stability, voids, and film
thickness, shall be approached with caution because some types of adjustments

may result in unsatisfactory mixes.

i
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TYPE A ASPHALTIC CONCRETE
LEVELING, BINDER, AND SURFACE COURSES

TABLE A
Test Value Guides for Plant Produced Mixtures
Mix Size 1"Mix 3/4" Mix 172" Mix  3/8" Mix
Mix Compacted in Laboratory Average Values

#lLab Air Voids (Min) See Table F

(Max) 6 6 6 6
(1) (2) ({Calculated) Per I.M. 510
%lab Air Voids (Min) See Table F

(Max) 6 6 6 . 6
(1) (2) (Rice) ver I.M.‘510 ‘ :
oids in Mineral Aggr.(50 blow) 14 14,5 15 15.5
YMA (Min) (1) (75 blow) 13 13.5 14 - 145
A.C. Film Thickness 7.0M 7.0M 7.0M 7.0M
{(Min} (3)
A.C. Film Thickness 6.5M 6.5M 6.5M 6.5M
(Min) (4) .
Marshall Stability (1bs.) 1750 1750 1750 1750
(Min)
Filler/Bitumen (5) '
Ratio {Max) Cold feed 1.20 1.20 , 1.20 1.20

"~ Extraction {7) 1.30 1.30 1.30 1.30
Mix Compacted on Roadway

%Lab Density (Min) , , As Specified
Woids (Min-Max) - ‘ 4-8 4-8 4-8 . 4-8

(1) (2) avg. (6)

{1) Except when otherwise specified, mix proportions should be adjusted to
exhibit test values in the ranges given. When conflicts develop, void
criteria based on Rice Procedure shall govern (50 b\ow and 75 blow
marshall mix design).

(2) Extreme caution should be exercised when mixtures exh1b1ted average values
near the lower limits and ADT exceeds 3000 VPD. (See Table F)

(3) Applies to wearing courses only, refer to job mix report for data,
M=Microns)

(4) Applies to binder courses only, refer to “job mix report for data.
{M=Microns)

(5) Filler bitumen is the ratio of material passing the 200 mesh screen

divided by percent of asphalt in the mix.

(86) Target lab voids prevail. Density may have to be increased to be within
~maximum field voids. General Specifications 2303.14 and Table "G." If
conflicts develop between lab and field voids, see Table F.

(7) Only on projects where F/B is based on extractions.
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TYPE B ASPHALTIC CONCRETE
LEVELING, BINDER, AND SURFACE COURSES

TABLE B
Test value Guides for Plant Produced Mixtures -
Mix Size 1"Mix T 378 Mix 1/2"Mix 3/B"Mix
‘ Mix Compacted in Laboratory Average Values
%Lab Air Voids (Min) See Table F
{Max} b b b 5
(1} (2) {(Calculated) Per I.M. 510
%Lab Air Voids {Min) See Table F ,
{Max) 6 6 6 6
(1) (2} (Rice) Per 1.M, 510
#Voids in Mineral Aggr. 14 14.5 15 15.5
YMA (Min) (1) '
A.C. Film Thickness - 7.0M 7.0M 7.0M 7.0M
(Min) (3)
A.C. Film Thickness
(Min) {(4) 6.5M 6.5M 6.5M 6.54
Marshall Stability {1bs.) 1500 1500 1500 1500

Filler/Bitumen {5)

Ratio (max) Cold feed 1.20 1.20 1.20 1,20
Extraction (7) 1,30 1.30 1.30 1.30
Mix Compacted on Roadway '
%Lab Density (Min) _ As Specified
%Yoids (Min-Max) 3-8 3-8 3-8 3-8

(1) (2) Avg. (8)

(1} Except when otherwise specified, mix proportions should be adjusted to
exhibit test values in the ranges given. When conflicts deve]cp, void
criteria based on Rice Procedure shall govern.

(2) Extreme caution should be exercised when mixtures exhibit average values
near the lower 1imits and ADT exceeds 2000 VPD. (See Table F.)

(3) Applies to wear1ng courses only, refer to job mix report for date,
{M=Microns)

{(4) Applies to binder courses only, refer to lab mix report data, M=Microns.

{5) Filler/bitumen is the ratio of material passing the 200 mesh screen
divided by percent of asphalt in the mix.

(6) Target lab voids prevail, Density may have to be increased to be w1th1n
maximum field voids. General Specifications 2303.14 and Table "G." If
conflicts develop between lab and field voids, see Table F.

(7) Any projects where F/B is based on extractions.

(
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TYPE B ASPHALTIC CONCRETE
CLASS 1 AND II BASE COURSES

TABLE C
Test Value Guides for Plant. Produced Mixtures
Class of Mixture : i 11 :
- Mix Compacted in Labgoratory Average Values
036 AiT Voids (1) {2} (Min) See Table T
(Max) . 6 6
(Calculated) Per I.M. 510
qLab Air Voids (1) (2) (Min) " See Table F
{Max) 6 _ 6

(Rice) Per I.M. 510
%Woids in Miner Aggregate ~ 14,5 14,5
VYMA {Min) (1) _
A.C. Film Thickness : 7.0M 7.0M
(Min) (3)
A.C. Film Th1ckness 6.5M 6.5M
(Min) (4)
Marshall Stability (Lbs.) 'j 1500 1000
(Min) L :
Filler/Bitumen Ratio“(s) {(Max.) Cold feed 1.20 1.20

: ‘ Extraction (7} 1.30 1,30

- Mix Compacted on Roadway '

%Lab Density (Min) B As Specified
%Voids (Min-Max) (1) (2) Avg. (6) . 3-8 : 3-8

{1} Except when otherwise specified, mix proportions should be adjusted to
exhibit test values in the ranges given. When conflicts develop, void
criteria based on Rice Procedure should be given prime consideration.

(2) Extreme cautions should be exercised when mixtures exhibit average values
near the lower limits and ADT exceeds 500 VPD {see Table F}).

(3) Applies to wearing courses only, refer to job mix report for data.
(M=Microns)

(4) Applies to lower courses only, refer to job mix report for data.

- (M=Microns) :

(3} Filler bitumen is the ratio of material passing the 200 mesh screen

- divided by percent of asphalt in the mix,

(6} Target lab voids prevail. Density may have to be increased to be within
maximum field voids. General Specifications 2303.14 and Table "G." If
conflicts develop between lab and field voids, see Table F.

(7) Only on projects where F/B is based on extractions.
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ASPHALT - SAND SURFACE COURSES
Table D

Test Value Guides for Plant Produced Mixtures
Mix compacted in laboratory Average Values

%Lab Air Voids (Min-Max) (1), (2) 6.5~ 9.5
(Calculated) Per [.M. 510

‘FLab Air Voids (Min-Max) (1) (2) © 6.5 - 9.5
(Rice) Per 1.M. 510

Marshall Stability {1bs.) Min. 200

(1) Except when_otherwise‘Specified, mix proportions should be adjusted to
exhibit test values in the ranges given. When conflicts develop, void
criteria based on Rice Procedure shall govern.

{2) Extreme caution should be exercised when mixtures exhibited average values
near the lower 1imits and ADT exceeds 2000 VPD.

ASPHALT TREATED BASE

Table E
Test Value Guides for Plant Produced Mixtures
Class of Mixture (2) 1 2
Filler/Bitumen Ratio (1} (Max.)
Cold Feed 1.3 1.3
Extraction 1.5 1.5
'A.C. Film Thickness (min.) 6.0M 6.0M

(1) The filler/bitumen ratio is the ratio of material passing the 200‘mésh
screen divided by percent of asphalt in the mix.

(2) Class I compaction max. field voids 8.0%

SN

N ;) |

AT
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Iowa Department of Transportation
0ffice of Materials
Table F

“Laboratory voids shall be controlled on the basis of traffic volumes. The
following minimums are specified for field control and shall prevail unless a
conflict develops between laboratory voids, pavement voids and the specified
density. If conflicts do develop, a test strip shall be constructed to
determine whether or not the compactive effort required is within reason. Any
relief granted in the laboratory voids will be subject to a review of the test
strip results and characteristics of the mix by the central office. The
minimum voids, as determined by the laboratory job mix, will be targeted at
0.50% higher.

After October 1, except for Interstate mainline paving, the District Materials
Engineer may adjust the minimum Laboratory Void Limit downward by as much as
0.25%. This authorization is contingent upon a thorough review of all mix
characteristics and placement and compaction efforts. Any such change shall
be documented and a copy of such documentation shall be copied to the
Materials Engineer immediately.

Traffic Volumes

Course Position . 75 Blow - : 50 Blow Marshall
_ <10,000 5000-10,000 2000-5000 1000-2000 ==7000

Surface Course 3.5% 3.5% 3.5% 3.0% 2.5%

Binder Course 3.5% 3.5% 3.0% 3.0% 2.5%
Base Course (Upper 1/2+) 3.5% 3.5 3,0% 3,00 2.5%
Base Course (Lower 1/2+) 3.5% 3.5% 3.0% 3.0% 2.5%

DENSITY VOID GRAPH
~ TABLE 6

The Density Void Graph (Table G) can be used to demonstrate the relationship
between laboratory voids, pavement veids and the required density., As an
example, the minimum laboratory voids for a surface course with traffic
volumes ranging from 2000-5000 VPD can be 3.5% (Table F). By referring to
Table G., it can be shown what with laboratory voids of 3.5% at 100% density,
it will be necessary to compact to a minimum of about 95.4% of laboratory
density in order to assure a maximum of 8% pavement voids. Similarly, at 4.5%
laboratory voids, the minimum density would be about 96.4%.
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Appendix C
Example of Effects on Aggregate Degradation
on Mix properties



APPENDIX C
Effect of Average Aggregate
Degradation on Mix Properties

This sample experienced a gradation increase of +0.8 on the No. 200
sieve and an increase in surface area of 1.84 ft2, These numbers

approximate the averages calculated for all 390 sample comparisons.
This example demonstrates the effect of the average degradation on

several of the mix properties.

Example: Polk Co. FN-163-1(40)=--21-77
3/4" Type A Recycled Binderx
Mix Design #ABD7-106
Contractor - Des Moines Asphalt
Sample Date 7-22-87
Bulk Sp. Gr. Comb. Dry Agg. 2.661
A.C. content - 4.70% intended

Water Absorption - 1.04%



SIEVE ANALYSIS ~ SURFACE AREA CALCULATION

Percent Passing

Surface Area {sq.ft./1b.)

Cold Cold

Feed Extraction DifE. Factor Feed Extr. Diff.
3/4" 100 100 0
1/2¢ 91 91 0 +2.0 +2.0 +2.0 0
3/8" 75 77 2.0
No. 4 62 62 0 .02 1.24 1.24 0
No. 8 51 50 -1.0 .04 2.04 2.00 -,04
No. 16 41 39 ~2.0 .08 3.28 3.12 -.16
No. 30 28 27 ~1.0 .14 3.92 3.78 -.14
No. 50 12 13 +1.0 .30 3.60 3.90 +.30
No. 1060 6.7 7.7 +1.0 .60 4,02 4,62 +.60
No. 200 5.1 5.9 +0.8 1.60 8.16 9.44 +1.28

Total Surf. Area (ft.2/1b} 28.26 30.10 1.84
Effective A.C, Content - Aggregate Basis
Effective A.C.% = (A.C. % Mix) - 1/2 (% Water Absorption) (%Aggr. in Mix)
160
Effective A.C., & = 4,7 - 1/2 (1.04) (95.3} = 4,20%
100
Bitumen Index
Bitumen Index = (Effective A.C.%)
100 (Surface Area)
Bitumen Index (Cold Feed) = 4,20 = .001486
100(28.26)

Bitumen Index (Extraction Grad.) = 4,20 = 0.001395

100(30.10)



Film Thickness

Film Thickness (microns) = (Bitumeniindex) {4870)

FPilm Thickness (Cold Feed) = (.001486}) (4870) = 7.24 microns
Film Thickness (Extraction) = (.001395) (4870) = 6.79 microns

a‘; Film Thickness decreases by 0.45 microns due to aggregate degradation.

Filler - Bitumen Ratio

Filler Bitumen {Cold Feed) = 5,1 = 1,09
4,7
Filler Bitumen (Extracted) = 5.9 = 1,26
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Asth. Conc.
SR, Mumm

R. Monroe

@ lowa bepartment of Transportation > "
FORM 257 Materlals Department

20M 4-71 iane AMES LABORATORY
TEST REPORT — BITUMINOUS MATERIALS

Form 320257
6-82

Material ____3/4" Type A Recycled Binder Laboratory No,_ABC8-24

Intended Use Co1d Feed Research

Project No. Dept. INfo. County Potk

Contractor ___DeS Moines Asphalt

Producer

Plant Cedar Rapids Batch W/Baghouse

Unit of Material FN-1-3-1(40)--21-77 ABD7-106

Sampled by___9&NSen Sendors No. 3 0F 3
Date Sampled /2287 Date Ree’d .- 000 Date Reported 1-14-88

SIEVE ANALYSIS — PER CENT PASSING

Cold Feed 160 91 75 62 51 41 28 12 6.7 5.1
% Aggregate - By Extraction 94.96
% Bitlumen - By Extraction ..b.04
% Water
% Volatile

Specimens molded & tesied @ 77°F.
Marshall Stability, Ibs.
Flow, 0.01 Inches
Specific Gravity
After 8 cycles of F&T Specimens moided @ 40°F, & tested @ 77°F,
Marshall Stability, Ibs.
Fiow, 0.01 Inches

Specific Gravity
Percent Asphalt Intended

4
Percent Asphalt Tank Stick 3
Percent Asphalt Dist 1 Nuclear 4.
Percent Asphalt Cent. Lab Nuclear 4

DISPOSITION: By A Y - -
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Appendix D
Resgults of 1986 Cold Feed vs Extraction Study
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